Abstract. This note describes a profiling mooring with an interdisciplinary suite of sensors taking profiles between 180 m and 30 m depth. It consists of an underwater winch, moored below 180 m depth and a profiling instrumentation platform. In its described setup it can take about 200 profiles at pre-programmed times or intervals with one set of batteries. This allows studies over an extended period of time (e.g. two daily profiles over a time of three months). The Gotland Deep Environmental Sampling Station (GODESS) in the Eastern Gotland Basin of the Baltic Sea is aimed at investigations of redoxcline dynamics.
The profiling instrumentation platform (PIP) accommodates the instrumentation payload that is shuttled through the water column. It also provides the buoyancy necessary to keep the line to the underwater winch under tension and to provide the lift for the instrument payload during the ascent through the water column. The net buoyancy of the instrumentation platform and the payload instruments determines the ascent speed as well as descent speed and power demand of the underwater winch.
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A custom build titanium frame, based on the standard design of Sea & Sun Technology's CTD frame, with additional fixtures for the oxygen optode and syntactic foam sheets was used here for the first deployments. The standard frame from titanium rods is 550 mm high with a 200 mm square cross section. This standard design was modified by pulling out one of the corner rods of the square by another 200 mm, resulting in a kite shaped cross section with axes of 280 mm and 480 mm respectively.
A drawing of the profiling platform is shown in figure 2. Six syntactic foam sheets are attached to the frame. They provide the 30 buoyancy for the PIP as well as keeping it from rotation around the line axis as the end with the shorter buoyancy plates will always will point towards the lateral current.
The syntactic foam has a density of 300 kg m in water. The six sheets have a total volume of 23.25 litres and therefore a gross buoyancy of about 160 N. This is sufficient for the net buoyancy of about 80 N that is needed to keep the line tension sensor in the underwater winch from shutting off the motor (see below).
The buoyancy was chosen to be sufficient for the line tension sensor with a small safety margin, but to minimise the buoyancy and thus the ascent speed to accommodate also slower sensors on the PIP and to minimise the power requirement on the winch 5 for pulling the PIP back down into the parking position.
The PIP is attached to the line of the underwater winch using a stainless steel cable bridle. This keeps the platform upright in the water column as a pre-deployment test in water showed. The shape of the platform was chosen to avoid it spinning in the case of lateral flows.
Underwater winch
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The underwater winch is an Automatic Elevator System Type 3 from Nichiyu Giken Kogyo Co., Ltd., Japan (see fig. 3 ). It's maximum deployment depth is 300 m and it has a length of 360 m of a 2.7 mm diameter Kevlar line. It is 1.8 metres high with a diameter of 1 metre and weighs 190 kg in air with battery packs installed. In water it is positively buoyant with a buoyancy of about 350 N.
At preprogrammed times or intervals the underwater winch unlocks the spool of Kevlar line that is pulled out by the buoyancy 15 of the PIP, provided that the force pulling on the line is at least 80 N. Once the preset length is pulled out the winch stops for a set period of time before it starts reeling the Kevlar line back in. When the hook at the end of the line is latched in the parking position the winch control electronics is put in a wait state until the time of the next profile.
The minimum required pulling force is controlled by a line tension sensor located in the biggest of the winches buoyancy spheres. It stops the winch paying out line when the force gets smaller than the set value. This allows profiling up to the 20 surface in different flow regimes or tidal states as well as profiling under ice up to the ice cover. Whenever the PIP is stopped in it's ascent the tension sensor switches off the motor and thus avoids loose lengths of line that could twist or entangle.
Tension control also allows deploying the mooring with the PIP connected to the winch frame using corrosion links, making the handling during deployment easier. Profiling only starts when the corrosion links are broken and the PIP exerts a force on the line by it's buoyancy.
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Power is supplied by Li-primary battery packs, one pack (60 Ah at 7.2 V) for the winch electronics and three packs of 60 Ah at 24 V each for the motor. The number of profiles that can be carried out with one set of batteries depends on the depth difference for each profile, the buoyancy, size and drag coefficient of the PIP and the flow field in the profiled water column.
With the PIP described above 220 profiles of 156 m each or 34.3 km of profiled water column were achieved with one set of batteries. Additional battery packs can be added for increased endurance. 
Recovery system
The recovery system for the profiling mooring consists of an acoustic releaser (KUM K/MT 572), a drum of 350 m 6 mm diameter Dynemaa recovery line (breaking strength of 27 kN) and buoyancy spheres. When the acoustic releaser is activated the safety pin of the drum is pulled and the Dynemaa line is spooled off the drum as the buoyancy of the PIP, the underwater winch and the buoyancy spheres attached to the releaser are pulling upward. Once PIP, winch and acoustic releaser are recovered from the surface the ground weight and ground line can be pulled up with the recovery line and all parts of the mooring are recovered. The choice of sensors for the profiling mooring is limited by the anoxic conditions at the deep end of the profile, where the PIP is parked between profiles. The H 2 S in the anoxic waters can degrade sensor performance. H 2 S-safe sensors also can suffer 4 Ocean Sci. Discuss., doi:10.5194/os-2016 Discuss., doi:10.5194/os- -11, 2016 Manuscript under review for journal Ocean Sci. Published: 9 March 2016 c Author(s) 2016. CC-BY 3.0 License. these problems as manufacturers specify H 2 S resilience with the standard operation mode such as casts from a ship in mind; storing a sensor in H 2 S-rich waters while not operating is not an application scenario considered routinely by manufacturers.
Instrumentation
All sensor data are logged by the CTD90M at about 4 Hz. For those sensors fast enough, i.e. with a response time less than The CTD and oxygen sensor were installed in the PIP side by side with the built-in sensors of the CTD and the sensing 25 surface of the oxygen sensor pointing upwards.
Operation
Recording of the sensor signals in the CTD has to be synchronised with the operation of the underwater winch. As the two units have no electrical or other communications link they are synchronised by their real time clocks (RTC). Neither the underwater winch nor the CTD features a high precision RTC but the first deployments allowed to determine the drift between the clocks 30 to be in the order of 1.3 s per day (with the CTD clock lagging behind the winch clock). This drift, however, is likely dependent on the temperature during the deployment. As the temperature variation in 180 m depth is very small it is safe to assume the same drift rates for future deployments of the same instruments. When the CTD is programmed to start two minutes ahead of the winch starting to release line all profiles over a deployment of three months should be captured in full at a recording interval length that is two minutes longer than the ascent time of the PIP.
The time between profiles depends on the measurement task; in the three deployments undertaken so far it has been one hour for a short 17 hour test deployment, four hours in the second deployment and eight hours for the third. The maximum endurance for the three deployments at 220 profiles would have been 9 days, 36 days and 73 days, respectively. 
First deployment
A first test deployment at the GODESS position in the Gotland Deep was carried out in May 2010. The mooring layout was modified in that the recovery system was not installed; the end of the ground line was attached to a second ground weight with a further line with buoyancy spheres and a surface marker buoy attached. Recovery was carried out by latching on to the surface . For the routine deployments the data will be taken on the upcast,
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for sensors with slower response times it might be advantageous to change the PIP so that the measurements are taken on the descent. Figure 5 shows the temporal differentials of measured pressure during the first deployment.
Second deployment
The second deployment was the first test of the complete system, i.e. including the recovery system. fig. 7 ), S, dissolved oxygen (see fig. 8 ), ORP, turbidity). The minimum depth recorded by the CTD on the PIP does vary very little, a clear sign that the currents were low. Around 17 July 2010 the minimum depth reached by the PIP is about two metres deeper than usual, at the same time the redoxcline is shifted downwards by the same amount. are shown in red to spread the colour scale, emphasizing the concentration changes in the hypoxic regions.
When comparing the structures visible in the hypoxic regions with the structures seen in fig. 7 it becomes clear that the colder intrusions are accompanied by higher dissolved oxygen concentrations. The most prominent feature is the patch of higher 20 dissolved oxygen concentrations starting at around 120 hours into the deployment (8 July 2010) and lasting for about 80 hours.
Judging by the structure of the feature at a depth level of about 85 dbar this event is certainly dominated by lateral movement through the profiling position. On 24 July 2010 a shorter lived event reaches down some 20 dbar into the anoxic zone.
Third deployment
The third deployment was carried out on 16 November 2010 and the system recorded 170 profiles from about 183 m depth to 25 about 37 m depth, one profile every eight hours. When recovery took place on 7 February 2011 the PIP was found drifting on the sea surface. The winch had been programmed to take profiles until the 11 February 2011 (270 profiles) well aware that this most likely would be above the battery capacity. The winch log files revealed that the winch was operating until the 28 January 2011 (221 profiles) when the batteries were depleted. This number of profiles is in good agreement with the estimates based on the previous deployment and battery capacities.
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When downloading the data from the CTD's memory it showed that the CTD stopped recording profiles already on 11 January 2011, well before the anticipated end of battery capacity. Inspection of the battery voltage record shows two events where the battery voltage seems to suddenly decrease (see fig. 9 ). At the same times the pH profiles showed a different shape than preceding or following ones. Inspection of the CTD at the manufacturers revealed the most likely cause of these events. At both occasions (and probably after the final profile recorded) the CTD did not disable power to the sensors during the almost eight hours between successive profiles; after the following profile, however, the CTD did switch off the sensors again. It can be assumed that the same happened again after the last recorded profile and during the eight hours the battery voltage dropped below the CTD's threshold of 9 V so that the CTD stopped recording after that time.
Looking at the different shape of the pH profiles immediately before and after the external sensors had been powered during 5 the time between profiles (see fig. 10 ) it becomes clear that the profile taken after the sensor was powered continuously for eight hours looks more reasonable; the measured pH remains constant in the anoxic water below approx. 125 dbar as would be expected, the slow decrease of pH in the earlier profile is assumed to be an artefact due to the storage of the pH electrode sensor in waters containing H 2 S at concentrations around 80 µMl −1
. While the pH electrode was specified as H 2 S-safe, the manufacturer had not anticipated the mode of operation employed for the profiling mooring; the H 2 S resilience was stated for 10 the more classical scenario of the powered pH electrode being introduced in the medium containing H 2 S only for measurement and retrieved from the medium before powering off.
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Ocean Sci. Discuss., doi:10.5194/os-2016 Discuss., doi:10.5194/os- -11, 2016 Manuscript under review for journal Ocean Sci. Published: 9 March 2016 c Author(s) 2016. CC-BY 3.0 License. Assuming fairly constant parameters including H 2 S at the parking depth the same running-in characteristics can be expected after powering the pH electrode. Thus the pH profiles can be corrected by fitting a third order polynomial to the difference between the two successive profiles and adding the resulting correction to the profiles taken after the power had been switched 15 off between profiles. The interpretation of the corrected pH data, however, should be treated with great care. For future deployments the pH electrode will be powered continuously. As the pH electrode is a low power sensor this will decrease the potential recording time only by a negligible amount. The voltage drops experienced during the periods between profiles when the power didn't switch off during this deployment were mainly due to the oxygen sensor that has a power consumption of 0.6 W. In the first deployments the underwater winch and the PIP with its instrumentation worked reliably. The first deployments did exhibit, however, some handling problems on deployment and recovery that could jeopardize deployment success. Thus a re-design of the PIP will be carried out to improve handling of the system and also to incorporate additional sensors. A 30 UV/vis absorption spectrometer will allow high resolution measurements of e.g. nitrate and HS (Meyer et al., 2011; Prien et al., 2006) will also in future be added on some shorter deployments. The addition of a current meter is a further planned addition that will allow to determine the direction of origin of lateral intrusions.
With the current PIP and sensor suite the system has been proven as a useful tool for high temporal and vertical resolution investigations of the redoxcline. It can assess small scale dynamics in all weather conditions, i.e. also in situations when work from a ship is not possible. Taking profiles rather than measuring at multiple discrete depth levels has the advantage that 5 recorded parameters can easily be referred to densities instead of pressure or depth. Profiling moorings like GODESS can also satisfy the requirements regarding temporal resolution that have been identified as necessary for a future Baltic monitoring system (Karlson et al., 2009 ).
The system is versatile as the PIP can be easily replaced by another one with a different sensor suite to target other science applications. The GODESS mooring also is a highly attractive test bed for new in situ sensors as the Gotland Basin redoxcline 10 exhibits strong gradients in a number of potential target parameters as well as variations of parameters potentially causing cross-sensitivities.
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